Chronic inflammation is an underlying risk factor for colon cancer. Tumor necrosis factor alpha (TNF-a) plays a critical role in the development of inflammation-induced colon cancer in a mouse model. S-adenosylmethionine (SAMe) and its metabolite methylthioadenosine (MTA) can inhibit lipopolysaccharide-induced TNF-a expression in macrophages. The aim of this work was to examine whether SAMe and MTA are effective in preventing inflammation-induced colon cancer and if so identify signaling pathways affected. Balb/c mice were treated with azoxymethane (AOM) and dextran sulfate sodium to induce colon cancer. Two days after AOM treatment, mice were divided into three groups: vehicle control, SAMe or MTA. Tumor load, histology, immunohistochemistry, gene and protein expression were determined. SAMe and MTA treatment reduced tumor load by $40%. Both treatments raised SAMe and MTA levels but MTA also raised S-adenosylhomocysteine levels. MTA treatment prevented the induction of many genes known to play pathogenetic roles in this model except for TNF-a and inducible nitric oxide synthase (iNOS). SAMe also had no effect on TNF-a or iNOS and was less inhibitory than MTA on the other genes. In vivo, both treatments induced apoptosis but inhibited proliferation, b-catenin, nuclear factor kappa B activation and interleukin (IL) 6 signaling. Effect of SAMe and MTA on IL-6 signaling was examined using Colo 205 colon cancer cells. In these cells, SAMe and MTA inhibited IL-6-induced IL-10 expression. MTA also inhibited IL-10 transcription and signal transducer and activator of transcription 3 activation. In conclusion, SAMe and MTA reduced inflammation-induced colon cancer and inhibited several pathways important in colon carcinogenesis.
Introduction
Colon cancer is currently the fourth most common form of cancer but is third in cancer-associated deaths in USA (1) . In 2011, it is projected that .150 000 new colon cancer cases will arise and nearly 50 000 will die in USA (1) . Colon cancer can arise from several factors, including genetic predisposition and chronic inflammation. Chronic colonic inflammation is a hallmark of inflammatory bowel disease (IBD). IBD patients have a 4-to 20-fold increased risk of developing colon carcinoma as compared with the general population (2) . Twenty percent of all IBD patients will develop colon cancer within 30 years after detection and with a .50% mortality rate (3) . Colitis-associated cancer (CAC) accounts for 1-2% of all colorectal cancer cases (4) .
A major player in the progression of IBD and inflammationinduced colon cancer is the upregulation of pro-inflammatory cytokines such as tumor necrosis factor alpha (TNF-a), interleukin (IL) 6 and IL-1b (IL-1b) by myeloid cells (5) . Prolonged inflammation via the activated pro-inflammatory cells leads to oxidative stress, which can induce DNA damage and mutations (5) . These cytokines also help promote tumor progression by providing pro-growth signals, promote proliferation and increase the expression of anti-apoptotic factors to the colonic epithelial cells (5) . Both TNF-a and IL-1b can upregulate the expression of cyclooxygenase 2 (COX2), inducible nitric oxide synthase (iNOS) and IL-6 (5). IL-1b can induce c-Jun-N-terminal kinase, nuclear factor kappa B (NFjB) and extracellular signalregulated kinase activation (6) . TNF-a can promote the activation of activator protein-1, NFjB and mitogen-activated protein kinase (5) . The actions of TNF-a and IL-1b are mediated by NFjB, a transcription factor that plays a major role in growth, proliferation, survival, cell invasion and metastasis, all of which contribute to tumorigenesis (5) . In mouse models of CAC, NFjB activity is first initiated in the non-lymphoid myeloid cells to help promote increased cytokine production and pro-growth signals (7) . This signal is maintained later on by the pro-inflammatory T cells to produce more progrowth and pro-inflammatory cytokines for the colonic enterocytes (7) . In the colonic epithelium, NFjB is constitutively active, thus leading to anti-apoptosis, enhanced growth and angiogenesis (5) . Colon cancer cells that have constitutive active NFjB are more resistant to chemotherapy and radiotherapy (5) . NFjB can also elevate the expression of several pro-inflammatory cytokines such as TNF-a, IL-1b and IL-6 (5). IL-6 is a cytokine that promotes T cell survival, myeloid cell recruitment, influences cell survival and growth and influences extracellular signal-regulated kinase and AKT activity (5). IL-6 causes the activation of signal transducer and activator of transcription 3 (STAT3), which promotes survival and growth (5) . STAT3 has been shown to help maintain constitutive NFjB activation in colon cancer cells (8) . A recent study demonstrated that the TNF-a blocker etanercept reduced the number of colon tumors in an experimental colitisinduced colon cancer mouse model (9) .
S-adenosylmethionine (SAMe) is an important and naturally occurring biomolecule found in all mammalian cells (10) . SAMe is the primary methyl donor for all transmethylation reactions and vital for polyamine synthesis (10) . Both SAMe and its metabolite 5-methylthioadenosine (MTA) can reduce pro-growth signals. SAMe and MTA can abrogate leptin signaling in HepG2 liver cancer cells by reducing extracellular signal-regulated kinase and phosphoinositide 3-kinase/AKT signaling (11) . SAMe and MTA can also reduce the mitogenic effects of insulin-like growth factor-1, epidermal growth factor and leptin in colon cancer cells (12) . In addition, SAMe and MTA can induce apoptotic cell death in both liver and colon cancer cells, albeit by different mechanisms (13, 14) . Moreover, SAMe and MTA are hepatoprotective and are non-apoptotic to normal colon cells (13, 14) . Our laboratory and others have shown that SAMe and MTA can reduce the lipopolysaccharide (LPS)-mediated increase in the expression of inflammatory cytokines like TNF-a and iNOS in mouse macrophages in vitro as well as mouse livers in vivo (15) (16) (17) .
The main objectives of this study were to determine if SAMe/ MTA treatment can prevent or reduce inflammation-induced colon carcinogenesis, identify signaling pathways that SAMe/MTA affect and identify the mechanisms of SAM/MTA in altering gene expression. Our study showed that SAMe and MTA are able to reduce inflammation-induced colon tumorigenesis by affecting multiple signaling pathways. Surprisingly, unlike the liver, SAMe and MTA did neither affect TNF-a nor iNOS expression. Our results demonstrate that SAMe and MTA may serve as potential chemopreventive agents in inflammation-induced colon cancer.
Materials and methods

Materials
SAMe in the disulfate p-toluene sulfonate powder form was a generous gift from Gnosis SRL (Cairate, Italy). MTA and azoxymethane (AOM) were purchased from Sigma-Aldrich (St Louis, MO). Dextran sulfate sodium salt (DSS) (MW 40 000-50 000) was purchased from USB Corporation (Cleveland, OH). Antibodies used for either western and/or immunohistochemistry to phosphoTyr 705-STAT3, total STAT3, IL-6, IL-10, b-catenin, active caspase 3, phospho-AKT, total AKT, histone H3 and b-actin were purchased from Cell Signaling Technology (Danvers, MA), whereas the p50 and p65 NFjB antibodies were purchased from Abcam (Cambridge, MA). Human recombinant IL-6 (rIL-6) was purchased from Cell Signaling Technology. All other reagents were of analytical grade and obtained from commercial sources.
Cell culture and SAMe, MTA and rIL-6 treatments Colo 205 colon cancer cells were purchased from American Type Culture Collection (Manassas, VA) and grown according to their suggested conditions. Fetal bovine serum was obtained from Gemini Bio-Products (West Sacramento, CA). Cells were grown at 37°C in a 5% CO 2 humidified incubator. Approximately 250 000-300 000 Colo 205 cells were grown to $40-50% confluency on six well plates and media replaced with fresh media prior to treatment. Cells were treated with 40 ng/ml of rIL-6 for 48 h and given either 1 mM SAMe or 0.5 mM MTA during the last 3, 6 or 12 h of rIL-6 treatment.
AOM/DSS experimental inflammation-induced colon cancer model A total of 50 five-week-old male Balb/c mice were administered an intraperitoneal injection with 12.5 mg/kg of AOM. Two days post-AOM injection, the mice were separated into three groups (20 control, 15 SAMe and 15 MTA) and given daily vehicle (1Â phosphate-buffered saline), 100 mg/kg/day SAMe or 75 mg/kg/day MTA via their water supply for the entire duration of the experiment. Water consumption was recorded after every change of SAMe (changed every 2 days), MTA (changed once a week) or control (changed once a week). The concentration of SAMe and MTA solutions were determined based on the average amount of water a Balb/c mice consumed per day as shown by Bachmanov et al. (18) . The mice consumed 6 ml on average daily and consumption was comparable among the three groups during the duration of the experiment. Five days after the AOM injection, the mice were given 3% DSS via the water supply for 5 days to induce colonic inflammation. During DSS treatment, the vehicle, SAMe (100 mg/kg/day) or MTA (75 mg/kg/day) was administered via oral gavage instead. The mice were allowed to recover for 16 days before this process is repeated two more times (for a total of three cycles). The mice were killed 10 days after the last cycle. SAMe and MTA treatment were well tolerated and exerted no influence on body weight of the mice. A scheme of the treatment protocol is shown in Supplementary Figure 1 , available at Carcinogenesis online. The mouse colons were isolated and slit open longitudinally for tumor count and size determination using a dissecting microscope. Tumor load was determined by summing all the diameters of the colonic tumors for any given mouse (19) . Tumors were excised for RNA and protein isolation for gene expression analysis using real-time polymerase chain reaction and western blot analysis, respectively. Non-tumorous colonic epithelia were scraped from the middle and proximal portions of the colon. Other colons were fixed in 10% fresh formalin and sections were cut out to embed in paraffin for immunohistochemical analysis. The mouse procedure protocols, use and the care of the animals were reviewed and approved by the Institutional Animal Care and Use Committee at the University of Southern California.
SAMe, S-adenosylhomocysteine and MTA levels from AOM/DSS tumor tissue Metabolite levels from tumors of AOM/DSS-, AOM/DSS þ SAMe-and AOM/ DSS þ MTA-treated mice were determined as described previously (12) .
Messenger RNA isolation and quantitative expression studies Total RNA was isolated from AOM/DSS, AOM/DSS þ SAMe, AOM/DSS þ MTA or Colo 205 cells using Tissue/Cell RNA Miniprep Kit (Bioland Scientific, Cerritos, CA) according to the manufacturer's suggested protocol. 0.5 lg of total RNA was reverse transcribed using MMLV-RT Kit (Invitrogen, Carlsbad, CA) in a 20 ll reaction volume and from that 2 ll of the reaction volume was added to 1Â Roche universal master mix and the appropriate Taqman probe for quantitative real-time polymerase chain reaction on the Light Cycler 480 (Roche, Indianapolis, IN). Taqman probes for caspase-8 (FLICE)-like inhibitory protein (cFLIP), methionine adenosyltransferase 2A (MAT2A), MAT2B, methylthioadenosine phosphorylase (MTAP), COX2, IL-1b, NOS2, TNF-a, IL-6, IL-10, STAT3, glyceraldehydes 3-phosphate dehydrogenase housekeeping gene, p50 and p65 were obtained from Applied Biosystems (Foster City, CA). Expression of various genes was normalized to glyceraldehydes 3-phosphate dehydrogenase.
Histological analysis of colonic tumors in the AOM/DSS-treated mice
Five micromolar cut paraffin-embedded sections were immunostained with antibodies against b-catenin, active caspase 3, IL-6 and phospho-STAT3. The immunostaining was done as described previously (20) . Proliferating cell nuclear antigen (PCNA) detection was done using the PCNA staining kit from Invitrogen. Hematoxylin and eosin staining was done by the Histology Core of the USC Liver Disease Research Center. For immunohistochemical quantification, a total of five fields at Â100 magnification, using the MetaMorph imaging software (Woburn, MA), were randomly selected (minimum of 1000 cells total) and positive nuclei or cells were counted and expressed as a percentage of the total. Control sets with no antibody showed no staining.
Protein isolation and western blot analysis
Nuclear and cytoplasmic extracts were isolated from the tumors of the various AOM/DSS-treated mouse groups using the CelLytic NuCLEAR Extraction Kit according to the manufacturer's suggested protocol (Sigma-Aldrich). For Colo 205-treated cells, the 1Â phosphate-buffered saline-washed cells were incubated in RIPA buffer for 30 min at 4°C with gentle agitation. The homogenate was spun down at maximum speed for 10 min at 4°C and supernatant isolated for the whole-cell extract. A total of 5 lg of nuclear or cytoplasmic extract or 10 lg of Colo 205 whole-cell extract was used for western analysis as described previously (21) .
Statistical analysis
Data are given as mean ± standard error of the mean. Statistical analysis was performed using analysis of variance and Fisher's test. For protein levels, ratios of proteins to b-actin or histone H3 housekeeping densitometric values were compared. Significance was defined by P , 0.05. Table 1 , available at Carcinogenesis online, for stratified data). Both SAMe and MTA treatment also reduced tumor load by 43 and 40%, respectively ( Figure 1C ). SAMe or MTA treatment alone, in the absence of AOM and DSS treatments (n 5 6 animals each), had no effect on the colonic epithelium (data not shown).
Results
Effects of
Levels of SAMe, S-adenosylhomocysteine and MTA following SAMe and MTA treatments in the AOM/DSS tumors High-performance liquid chromatography measurements of SAMe, S-adenosylhomocysteine (SAH) and MTA levels (all expressed as nanomolars/milligram protein) in 12 tumors of AOM/DSS-treated mice were 1.87 ± 0.19, 1.23 ± 0.13 and 0.57, respectively. SAMe treatment of 10 tumors was able to raise both the intracellular SAMe and MTA levels in the tumor tissue to 2.77 ± 0.3 (P , 0.01 versus AOM/DSS) and 0.85 ± 0.09 (P , 0.01 versus AOM/DSS), whereas SAH levels (1.45 ± 0.20) were not significantly different. MTA treatment of 10 tumors elevated SAMe levels to 2.43 ± 0.22 (P , 0.05 versus AOM/DSS), SAH levels to 1.72 ± 0.15 (P , 0.05 versus AOM/ DSS) and MTA levels to 0.94 ± 0.11 (P , 0.01 versus AOM/DSS). transcription factors known to be upregulated during chronic inflammation in the colon, such as COX2, IL-1b, NOS2, TNF-a, IL-6, IL-10 and STAT3 are confirmed elevated in the AOM/DSS mouse model (Figure 2A ) (5) . TNF-a via NFjB can elevate cFLIP expression and we showed that SAMe and MTA can reduce its expression to promote apoptosis in colon cancer cells (7, 13) . The gene products for MAT2A and MAT2B, responsible for SAMe biosynthesis in non-hepatic tissues, are overexpressed in liver cancer (23, 24) and MAT2A is overexpressed in colon cancer (12) ; however, it is unknown whether these genes are also elevated in inflammation-induced colon cancer. In the AOM/DSS-treated mice, only MAT2A expression was upregulated by 2-fold in tumor tissue (Figure 2A) . MTAP is responsible for MTA metabolism and is upregulated in colon cancer cell lines and in the normal mucosa of AOM/DSS-treated mice (25, 26) . We found that MTAP expression is also elevated in the tumor tissue of AOM/DSStreated mice (Figure 2A ). Both p50 (NFjB1) and p65 (RelA) expression are upregulated in this model (Figure 2A ). MTA treatment reduced the expression of all the genes tested with the exception of NOS2 (iNOS) and TNF-a in the colonic tumors of AOM/DSS-treated mice ( Figure 2B ). SAMe treatment also reduced the expression of cFLIP, MTAP, IL-6, IL-10, STAT3, NFjB1 and RelA but had no effect on the expression of MAT2A, MAT2B, COX2, iNOS and TNF-a ( Figure 2B ).
Effects of SAMe and MTA in tumor growth and apoptosis, b-catenin, IL-6 and STAT3 activation in the AOM/DSS-treated mice PCNA staining shows that SAMe or MTA was able to reduce proliferation in the treated tumors by 45 and 56% as compared with the AOM/ DSS control, respectively (Figure 3, top row) . In contrast, SAMe and MTA increased apoptosis by 4.9-and 8.5-fold, respectively, as indicated by increased staining for active caspase 3 ( Figure 3, second row) . b-catenin, a gene commonly misregulated in colon cancer, can induce the expression of a variety of genes involved in growth and proliferation (27) . SAMe and MTA treatment reduced b-catenin staining in these tumors by 61 and 46%, respectively ( Figure Figure 4A ). In addition, protein expression for IL-6 in tumors of AOM/DSS mice was reduced by 64% for MTA and 48% for SAMe treatment ( Figure 4B ). MTA-treated AOM/ DSS mice saw a reduction of IL-10 by $49%, whereas SAMe only reduced its expression by 23% ( Figure 4B ).
Effects of SAMe and MTA on STAT3 and AKT activation
Phosphorylation of both STAT3 and AKT are important for its activity (28, 29) . SAMe and MTA greatly reduced STAT3 phosphorylation by .80% (Figure 5A and C) . AKT, part of the phosphoinositide 3-kinase signaling pathway, is a kinase that is involved in growth promotion. In addition, it can act on STAT3 phosphorylation via mTOR signaling (5). SAMe and MTA treatment of AOM/DSS mice reduced tumor AKT phosphorylation by 73 and 67%, respectively ( Figure 5B and C) .
Effects of SAMe and MTA on IL-6 signaling and IL-10 expression
The effects of IL-6 are primarily mediated by phosphorylated STAT3 (5) and IL-10 is one of its downstream targets (30) . SAMe and MTA treatment reduced levels of IL-6, phosphorylated STAT3 and IL-10 in the colonic tumors as compared with AOM/DSS control mice ( Figures 2B, 4B and 5A ). To gain further insight on the molecular mechanisms of how SAMe and MTA inhibit IL-6 signaling and IL-10 expression, we used Colo 205 colon cancer cells, which exhibit increased IL-10 expression following rIL-6 treatment (30). Effects of SAMe and MTA in mice for 1-3 h. MTA had no effect on IL-10 messenger RNA stability (data not shown). Since IL-6 signaling is mediated by STAT3, we tested whether the inhibition of SAMe and MTA's of IL-6-mediated IL-10 induction is via the loss of STAT3 activation. Treatment with MTA for 3-12 h was able to reduce rIL-6-mediated STAT3 phosphorylation by 40-75%, whereas SAMe treatment had no effect on STAT3 phosphorylation at these time points ( Figure 6B ).
Discussion
Colon cancer is one of the most common malignancies afflicting the world today. Some of the important contributors to colon carcinogenesis are WNT/b-catenin, transforming growth factor beta, k-Ras, p53 and inflammation (5) . Inflammation is one of the main processes driving tumor progression in CAC (5). TNF-a and IL-6 are the two pro-inflammatory cytokines involved in CAC, which upregulate the activity of NFjB and STAT3, respectively (5). During chronic inflammation, NFjB and STAT3 are the primary mediators of these cytokine actions, which provide pro-survival, growth and angiogenesis signals for the preneoplastic colon epithelial cells (5) . A recent report by Popivanova et al. (9) showed the potential of inhibiting TNF-a to reduce tumorigenesis in an inflammation-induced colon cancer mouse model system. Since SAMe and MTA have been shown to reduce LPS-induced TNF-a expression in Kupffer cells, RAW macrophages and in whole liver (15-17), we tested whether SAMe and MTA can also reduce inflammation-induced colon tumorigenesis.
In this study, we examined the effect of SAMe and MTA on the wellestablished AOM/DSS mouse model system, which mimics inflammation-induced colon carcinogenesis. In addition to the inhibitory effects that SAMe and MTA have on TNF-a expression in whole liver and macrophages, they both exert selective pro-apoptotic effect in colon cancer cells but not normal colon epithelial cells (13, (15) (16) (17) . A key mechanism identified was the ability of these agents to inhibit cFLIP expression, which is often increased in colon cancer (13) . Our results showed that daily treatment of 100 mg/kg of SAMe or 75 mg/kg of MTA can reduce tumor multiplicity, size and tumor load (Figure 1 ). There are several comparable studies on chronic inflammation (multiple DSS treatments)-induced colon cancer. Popivanova et al. showed that the TNF-a blocker etanercept reduced tumor multiplicity by 46% (9) , which is comparable with the potency of SAMe (36% reduction) ( Figure 1A ). Other anti-inflammatory agents such as the antioxidant mesalamine or its derivative sulfasalazine, commonly used to treat IBD, reduced tumor multiplicity by 44 and .80%, respectively (31). However, there are some discrepancies in results. Only lower doses of mesalamine (75 mg/kg body weight) were able to inhibit tumor multiplicity, whereas higher doses (225 mg/kg body weight) had a significantly lower potency (8.3% reduction) (32). Kohno et al. using the same dose of sulfasalazine for 2 extra weeks reduced tumor multiplicity by 57% (33) . Although the ability of SAMe and MTA to reduce tumor multiplicity is not as potent, both reduced tumor load by at least 40% ( Figure 1C ). This suggests that SAMe and MTA have less of an effect on tumor initiation and a greater influence on the later stages of tumor SAMe and especially MTA inhibited the expression of many of the genes involved in growth and survival in the colonic tumors. MTA treatment reduced the expression of the pro-survival gene cFLIP, pro-growth genes MAT2A, MAT2B and IL-6, pro-inflammatory genes COX2 and IL-1b, the anti-inflammatory cytokine IL-10 and transcription factors STAT3 and NFjB ( Figure 2B) . Interestingly, SAMe has no effect on MAT2A, MAT2B, IL-1b and COX2 Effects of SAMe and MTA in mice ( Figure 2B ); yet, the intracellular SAMe and MTA levels are similar for both SAMe-and MTA þ AOM/DSS-treated groups. However, only MTA treatment significantly raised SAH levels, which is consistent with its known inhibitory effect on SAH hydrolase (34) . SAH is a powerful inhibitor of all methylation reactions (35) . This could influence the expression of several genes that may be regulated directly or indirectly by DNA or protein methylation. Treatment of 5-aza-deoxycytodine, a DNA methylation inhibitor, reactivated the expression of IL-1b in HL-60 human monocytes and human cultured chondrocytes (36, 37) . This is the first report of MTA inhibiting the pro-inflammatory agents IL-1b expression in inflammation-induced colonic tumors. IL-1b, an important cytokine for proliferation, differentiation and apoptosis, is expressed early in inflammation-induced colon tumorigenesis (5) . COX2 is a target of IL-1b signaling and thus its inhibition by MTA may be influenced by IL-1b.
Downregulation of cFLIP and MAT2A by MTA is consistent with our previous studies in colon cancer cell lines (12, 13) . MTAP upregulation in the tumors of AOM/DSS-treated mice confirms the results of Bataille et al. (Figure 2A ) (25) . This upregulation is contrary to what is found in other cancers where MTAP is normally downregulated (38) . Bataille et al. suggested that MTAP may negatively affect interferon-c signaling, which is involved in growth suppression (25) . The inhibitory effect of SAMe and MTA on MTAP expression may be due to its reduction of TCF/b-catenin signaling since MTAP is a WNT target gene (25) . The action of SAMe and MTA on MTAP may potentially alleviate its inhibitory actions toward interferon-c signaling, thus enabling tumor growth suppression by interferon-c.
SAMe and MTA reduced colon tumor multiplicity size and load in a TNF-a-independent manner. This was totally unexpected since SAMe and MTA can inhibit LPS-induced TNF-a expression in liver Kupffer cells, RAW mouse macrophages and whole liver (15) (16) (17) . Both SAMe and MTA also lowered the expression of IL-6 and its target gene IL-10 in AOM/DSS-derived tumors ( Figures 2B and 5B) . This is the opposite of what is seen in LPS-induced RAW mouse macrophages where Song et al. showed that SAMe treatment prior to LPS stimulation elevated both IL-6 and IL-10 protein expression 
. This is not the first instance where SAMe and MTA demonstrated different effects in comparing liver with colon cancer cells. In liver cancer, SAMe and MTA can induce apoptosis via induction of Bcl-X s expression, whereas in the colon cancer cells, Bcl-X s expression was unaffected and cFLIP expression was downregulated (13, 40) . Consistent with previous in vitro findings of SAMe and MTA selectively inducing apoptosis in colon cancer cells by downregulating cFLIP (13), they also lowered cFLIP expression and induced apoptosis in AOM/DSS-derived tumors (Figure 3 ). SAMe and MTA treatment of AOM/DSS mice lowered the expression of NFjB and STAT3, both of which are important in promoting survival and growth during colon tumorigenesis ( Figure 2B ). Since NFjB activates TNF-a and iNOS, it is unclear why SAMe and MTA had no effect on TNF-a expression. Other signal transduction Effects of SAMe and MTA in mice mechanisms unaffected by SAMe or MTA remain to be identified that maintain the expression of these cytokines. STAT3 is the primary effector of IL-6 signaling and aids in maintaining NFjB activation in tumors (8) . Constitutive activation of STAT3 and NFjB is important to maintain tumor growth and survival (5) . In Colo 205 cells, rIL-6 can induce the expression of IL-10 via STAT3 activation (30) . We used this in vitro model to examine IL-10 expression and IL-6 signaling. MTA, in as little as 3 h, almost totally inhibited IL-6-induced IL-10 expression by reducing the level of phosphorylated STAT3 ( Figure 6 ). MTA also lowered basal IL-10 messenger RNA level, most likely at the transcriptional level since messenger RNA stability was unaffected. However, unlike the in vivo mouse experiments, SAMe had a much smaller effect on IL-6-induced IL-10 expression, as evident by the lack of inhibition of STAT3 phosphorylation ( Figure 6 ). The lack of SAMe effect in the Colo 205 cells may be attributed to the possibility that SAMe's effect is mediated by MTA instead. Exogenous SAMe is very unstable in media and can spontaneously convert to MTA (16, 41) . In the in vivo AOM/DSS study, SAMe is continuously administered to mice for the duration of the experiment, to the point where we see an overall increase in MTA levels comparable with those of MTA treatment in the colonic tumors. In the in vitro Colo 205 experiments, SAMe treatment was only for up to 12 h and in that time SAMe's conversion to MTA (1.3%/h) is not enough to see the effect exhibited by MTA (12) . In summary, SAMe and MTA treatment attenuated inflammationinduced colon tumor multiplicity, size and tumor load. This effect is independent of TNF-a and iNOS. These treatments induced apoptosis and inhibited many signaling pathways important in colon carcinogenesis, including b-catenin, IL-6 signaling, pro-inflammatory cytokine IL-1b and several pro-growth and proliferation pathways. MTA appears to influence IL-6 signaling by preventing STAT3 activation (Supplementary Figure 4 , available at Carcinogenesis online). This can disrupt the cross talk between STAT3 and NFjB to maintain constitutive activation during inflammation-induced tumorigenesis. Ã P , 0.001 versus control, yP , 0.001 versus rIL-6, ÃÃ P , 0.005 versus control and yyP , 0.005 versus rIL-6. (B) Western blot analysis using whole-cell lysates from Colo 205 cells treated with rIL-6 ± SAMe or ± MTA was done as described in Materials and methods for phosphorylated and total STAT3. The values are expressed as a ratio of the phosphorylated STAT3 over the total STAT3. All values were normalized to actin control. Results represent mean ± standard error of the mean of four to five independent experiments. Ã P , 0.05 versus rIL-6, yP , 0.01 versus rIL-6.
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Disruption of this pathway leads to the reduction of constitutive STAT3 and NFjB activation within the colon tumor cells. Inhibiting this cycle may make the colon cancer cells more susceptible to chemotherapy. The molecular mechanisms responsible for the effects of SAMe and MTA on these signaling pathways are the subject of future investigation. Since SAMe and MTA are found in our bodies and SAMe appears safe for chronic use, they may be ideal candidates for chemoprevention of inflammation-induced colon cancer.
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